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Tissue stem cells are typically rare and located in niches that prescribe low rates of cell division and
survival. In the latest issueofCell StemCell, Singhet al. (2007) demonstrate that, in theadult fly, epithelial
cells exist that are neither in niches nor in small numbers, divide at high rates, and are multipotent.Tissue stem cells are among the most
intriguing cells found in adult organ-
isms, as they generate precisely the
different cell types needed to ensure
tissue renewal (for review, see Blan-
pain et al., 2007). Remarkably, these
cells maintain their proliferative capac-
ity for the lifespan of the organism,
generally without leading to the devel-
opment of tumors. Vertebrates seem
to have solved the challenge of keep-
ing multipotent cells alive with an un-
limited, but regulated, self-renewal
potential by sequestering these cells
in ‘‘niches’’ that isolate them from
environmental cues that might lead
to uncontrolled cell division and/or
differentiation along unwanted line-
ages (Spradling et al., 2001). Stem cell
niches do not only exist in vertebrates,
however, and some of the best de-
scriptions of the cellular and molecular
components of a particular niche
come from work on ovary and testis
development in Drosophila mela-
nogaster (reviewed in Ohlstein et al.,
2004).
Although studies on stem cells in
flies have proven invaluable to better
understand the reproductive system,
until recently the existence of multipo-
tent cells in adult Drosophila epithelial
tissues had not been apparent. How-
ever, in the latest issue of Cell Stem
Cell, Steven Hou and colleaguesreport on the identification of multi-
potent cells in the Malpighian tubules
(MT) (Singh et al., 2007). This fly
equivalent of the mammalian kidney
had previously been thought to be
highly stable, rather than an organ un-
der the remodeling control of a divid-
ing cell population. The MT consists
of different cell types, some of which
are derived from the everting epithelial
tube proper and others from the
neighboring mesoderm, which be-
come incorporated into the epithelium
upon a mesenchymal-to-epithelial
transition. Singh et al. performed line-
age-tracing experiments, BrdU incor-
poration, and marker analyses to fol-
low the fate of cells in the MT of
adult flies over time. This work led to
the unambiguous identification of
multipotent cells in the lower region
of the fly MT that are able to generate
all cell types of the adult organ. These
cells were designated ‘‘renal and
nephric stem cells’’ (RNSC), and no
fewer than 100 RNSC were found in
one pair of anterior MT. This is a re-
markable number given that an entire
pair of anterior tubules only contains
about 500 cells.
The study by Hou and colleagues
also identifies the JAK-STAT signaling
pathway as being of critical impor-
tance in regulating RNSC renewal in
the lower tubule. Although the ab-Developmental Cell 13, Ssence of signaling promotes the differ-
entiation of RNSC, and the concomi-
tant loss of the stem cell population,
ectopic activation of the cytokine-
type receptor Domeless by over-
expression of its ligand Unpaired
increases the size of the MT by accel-
erating the rate of RNSC division. Be-
cause RNSCs express both the ligand
and the receptor, self-renewal is con-
trolled by autocrine JAK-STAT signal-
ing. The finding that the JAK-STAT
pathway is important for maintaining
the population of RNSCs is notable,
because the same signaling system
has been found to play a similar role
in a number of other systems, for ex-
ample in the testis for the maintenance
of both somatic and germline stem
cells (Tulina and Matunis, 2001; Kiger
et al., 2001) and in the ovary for the
maintenance of so-called ‘‘escort
stem cells’’ (Decotto and Spradling,
2005). And, of course, it has long
been known that mouse embryonic
stem cells will only proliferate indefi-
nitely without differentiating as long
as the JAK-STAT pathway is kept ac-
tive by leukemia inhibitory factor
(Smith, 2001). In contrast to these
latter cases, in which the ligand is
expressed by support cells within
the niche or added to the culture me-
dium, RNSCs are capable of secreting
their own self-renewal factor. Howeptember 2007 ª2007 Elsevier Inc. 321
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MT are balanced to avoid tissue over-
growth remains to be investigated;
whether this balance is controlled by
physiological stimuli such as the com-
position of the intraluminal fluid also
remains to be determined. Addition-
ally, it would be interesting to find out
whether some of the genes regulated
by the JAK-STAT pathway overlap in
multi- and pluripotent cells.
The results obtained by Hou and
colleagues in their study of the MT
are conceptually similar to those ob-
tained by the groups of Spradling and
Perrimon who reported last year that
the adult fly gut harbors multipotent
cells that are required to replace the
progeny continuously lost by apopto-
sis (Ohlstein and Spradling, 2006; Mic-
chelli and Perrimon, 2006). Similar to
the MT, large numbers of multipotent
cells are present in the adult gut and,
instead of being embedded in a niche,
lie in close proximity to the extracellu-
lar matrix and to their immediate prog-
eny. Together, these studies on adult
organs in Drosophila melanogaster
clearly demonstrate that these tis-
sues are much more dynamic than
previously thought. They also suggestCoping with Stre
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natal development, deletion has
plasmic reticulum stress, revealin
The endoplasmic reticulum (ER), along
with ER-associated chaperones, pro-
vides a critical environment for the
coordination of secretory protein fold-
ing with cellular homeostasis. When
protein load exceeds organelle capac-
ity, signals are generated that orches-
322 Developmental Cell 13, September 2that the fly gut and the renal system
share aspects in common with their
vertebrate counterparts. The availabil-
ity of a genetically tractable model sys-
tem with the perspective of genome-
wide, saturating forward and reverse
genetic screens to study tissue self-
renewal in normal and pathological
conditions may have a substantial im-
pact on the characterization of tissue
stem cells in general, similar to the
studies in Drosophila that have helped
pave the way to molecularly define
stem cell niches. However, important
open questions regarding the biologi-
cal properties of the newly discovered
multipotent cells in the fly MT and gut
remain to be addressed. In particular,
are these cells developmentally re-
stricted such that they will only gener-
ate cells appropriate for the gut or for
MT when transplanted to other loca-
tions? Is their self-renewal unlimited,
as would be the case for true stem
cells? Answering these questions will
help determine to what extent the cur-
rent results may be extrapolated to the
biology of tissue stem cells in verte-
brates. In principle, state-of-the-art
forward and reverse genetic ap-
proaches in the fly represent power-ss: ATF6a Takes
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a profound effect on the transcrip
g a broader than anticipated role fo
trate increased chaperone expression,
transient cell cycle arrest, and trans-
port of misfolded proteins to the pro-
teasome. ER-localized mediators of
this response include the transmem-
brane transcription factor ATF6, and
two transmembrane protein kinases,
007 ª2007 Elsevier Inc.ful tools in the search to understand
the mechanisms operating in verte-
brate adult stem cells, as their very
properties, namely scarcity and low
rates of division, make them hard to
study.
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PERK and IRE1. ATF6 is encoded by
two related genes, ATF6a and ATF6b,
and is implicated in the transcriptional
regulation of ER chaperones (Wang
et al., 2000; Yoshida et al., 1998,
2000). ATF6a also regulates expres-
sion of the proapoptotic transcription
